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SUMMARY: The vertical distributions of bulk and molecular biomarker compositions in the samples from four sediment
cores of the Changjiang (Yangtze River) Estuary were determined. The changes in the bulk and molecular compositions with
depth suggest that there have been recent changes in the marine autogenic and terrigenous supply. In the site at the bound-
ary of the turbidity maximum (Site 8) and the most southern site (Site 26), the autogenic and allochthonous inputs make
almost the same contribution to sedimentary organic matter. In the site close to the river mouth (Site 11), the organic matter
mainly comes from the terrestrial input carried by the Changjiang water, whereas, in the most eastern site (Site 17), the
organic matter consists of a mixture of recent and ancient Changjiang delta sedimentary residues. Significant downcore fluc-
tuations were observed in the patterns of the bulk and molecular compositions, as well as in several biomarker ratios, which
also indicates the different anoxic conditions at different depths of the core besides the source variation. In addition, the dis-
tributions of molecular compounds show that the organic matter is a mixture of immature and mature in the sediments of the
four cores, which further indicates that the microbial activity is active in anoxic conditions, especially in the surface sedi-
ment. The vertical distributions of molecular compounds also show that the autogenic marine organic matter is more easily
degraded, and that the molecular compounds evolve from unstable steric configurations to stable ones in the early diagenet-
ic processes.
Keywords: bulk parameter, molecular characterization, sediment, hydrocarbon, the Changjiang Estuary.
RESUMEN: FUENTES Y PRESERVACIÓN DE MATERIA ORGÁNICA EN SEDIMENTOS RECIENTES DEL ESTUARIO DEL RÍO YANGTZE,
CHINA.– Este artículo analiza la distribución vertical de la composición mayoritaria y de biomarcadores moleculares en
muestras de sedimentos de cuatro testigos obtenidos en el estuario del río Yangtze. Los cambios de composición en profun-
didad sugieren variaciones recientes de los aportes autógenos y terrígenos. En el máximo de turbidez y en sus limites (esta-
ción 8) y en la estación más al sur (estación 26), los aportes autógenos y alóctonos tienen casi la misma contribución a la
materia orgánica sedimentaria. En la estación próxima a la desembocadura (estación 11), la materia orgánica procede prin-
cipalmente de los aportes terrestres del río Yangtze, mientras que en la estación situada mas al Este (estación 17), la mate-
ria orgánica consiste en una mezcla de aportes recientes del río Yangtze y de residuos sedimentarios de un antiguo delta del
mismo río. Fluctuaciones significantes de la composición mayoritaria y molecular, así como de biomarcadores, fueron obser-
vadas a lo largo de los testigos, lo cual indica también condiciones de anoxia diferentes a distintas profundidades, aparte de
las diferencias en la procedencia de los sedimentos. Además, la distribución de compuestos moleculares muestra que la mate-
ria orgánica es una mezcla de sedimentos maduros e inmaduros en los cuatro testigos, lo cual indica que la actividad micro-
biana es activa en condiciones de anoxia, especialmente en los sedimentos superficiales. La distribución vertical de los com-
puestos moleculares también muestra que la materia orgánica marina autógena es más fácilmente degradable, y que los com-
puestos moleculares evolucionan desde configuraciones inestables estéricas a configuraciones estables en las primeras fases
de la diagénesis.
Palabras clave: parámetros mayoritarios, caracterización molecular, sedimento, hidrocarburo, estuario del río Yangtze.
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INTRODUCTION 
Estuarine areas are characterized by high pri-
mary production and shallow water depth, both of
which allow a relatively large fraction of autochtho-
nous and allochthonous organic matter to reach the
sea floor and to be ultimately preserved in anoxic
sediments (Hedges and Keil, 1995). Estuarine areas
are good environments for studying the origin, path-
way and fate of sedimentary organic matter due to
the rapid accumulation of fine sediments and conse-
quent sealing of these materials from bacterial rem-
ineralization (Hedges and Keil, 1999), as well as
specific paleoenvironmental conditions (Brassell,
1993). It is essential to determine the relative contri-
bution of different sources of organic carbon to the
biogeochemical cycles in estuarine environments to
better understand their ecological importance. Bulk,
isotopic and/or molecular marker approaches have
been applied in order to trace the origin, transport
and fate of organic matter from such diverse sources
(Meyers and Ishiwatari, 1993; Mannino and Harvey,
1999). The biomarker approach has also been wide-
ly used to interpret changes that occurred within ter-
restrial ecosystems and to explore the possibility of
short-term environmental changes and geochemical
processes (Haven et al., 1987; Meyer, 1997).
The Changjiang is the largest river in China, and
one of the most important rivers in the world. Its
water discharge is the largest in the western Pacific
Ocean and the fifth largest in the world, and its sed-
iment load is the fourth largest in the world (Eisma,
1998). Every year, the Changjiang carries more than
4.86×108 t of sediment to the coast via its tremen-
dous discharge, of which about 50% is deposited in
its estuary and the rest is dispersed in the East China
Sea (Chen et al., 1988).
The majority of the studies to date on the
Changjiang Estuary have focused on water quality and
composition, organic matter and nutrient enrichment
(Zhao et al., 2001; Chen et al., 2002; Wang et al.,
2002). There are few studies on the chemical compo-
sition of the organic matter in the estuary sediment. In
this respect, this study focuses on determining the
compositions, concentrations of bulk geochemical
parameters and biomarkers of organic matter in the
Changjiang Estuary sediments, to identify the origins
and fate of organic matter and also to obtain some
information about the environmental change.
MATERIALS AND METHODS
Sampling Sites
Sediment samples were collected with a gravity
core sampler from the four sites (Sites 8, 11, 17 and
26) in the Changjiang Estuary in June 2003 (Fig. 1).
The cores were carefully cut into 2 cm thick sections
and immediately stored at -20°C until further analysis.
In the four sites, Site 11 is located in the area
with maximum turbidity at the mouth of the
Changjiang Estuary. Site 8 is located on the bound-
ary of the area of maximum turbidity. Site 17 is the
most eastern site in the four sites. Site 26 is located
in the south of the Changjiang Estuary. The water
depth, temperature, salinity and turbidity of overly-
ing water are listed in Table 1.
Sample Analyses
Sediment samples were freeze-dried, finely
ground and homogenized in an agate mill. Dry sed-
iment samples (30 g) were extracted with a mixture
48 X. LÜ et al.
FIG. 1. – Sampling sites of the Changjiang Estuary.
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of dichloromethane-methanol (2:1, v/v) in a Soxhlet
extractor for 72 hr. The solvent extract was evapo-
rated to 1 mL and the residue fractionated by column
chromatography on alumina over silica gel. The dif-
ferent components, including aliphatic hydrocar-
bons, aromatic hydrocarbons, ketones, alcohols and
non-hydrocarbons (fatty acids and asphaltenes),
were obtained by successively eluting with petrole-
um-ether (75 mL), benzene (50 mL), 10% ethyl
acetate in hexane (30 mL), 20% ethyl acetate in
hexane (35 mL) and methanol (30 mL). 
The aliphatic hydrocarbon fractions were ana-
lyzed by gas chromatography-mass spectrometry
(GC-MS), using a HP 6890N GC interfaced to a HP
5973N MS. The GC column used was a silica capil-
lary column (HP-5 30m×0.25mm×0.25µm). The tem-
perature was programmed from 80°C to 290°C at 4
°C·min-1, then maintained for 30 min. Nitrogen was
used as the carrier gas. MS operating conditions were:
EI ionization, ion source 230°C, electron energy 70
eV, interface temperature 280°C. Compound identifi-
cation was based on the standard spectrogram
libraries (NISTO2L) and the individual mass spectra
retention times in comparison to published MS data
(e.g. Volkman et al., 1990; Logan and Eglinton, 1994;
Mangelsdorf and Rullkötter, 2003).
The total organic carbon (TOC) content of each
sample was determined using the method in “The
Specification for Marine Monitoring” (HY003.1-
91~HY/T 003.10-91) (1991). The total nitrogen
(TN) content was determined using the method
described in detail by Lü et al. (2005). The organic
carbon isotopic composition (δ13C) of sediment
samples was determined using a MAT 252 isotope
ratio mass spectrometer after they were decarbonat-
ed with 10% HCl. δ13C values are relative to PDB.
RESULTS AND DISCUSSION
Bulk Geochemical Parameters
The vertical distributions of TOC, TN, and dis-
solvable organic matter (DOM) content as well as the
atomic ratio C/N and δ13C are plotted in Figure 2. 
The TOC contents vary from 0.39 to 0.95% in the
four core sediments, and their average contents are
similar (Table 2), which is lower than those in other
coastal sediments (Gonzlez-Vila et al., 2003;
Nieuwenhuize et al., 1994). The vertical distributions
of TOC and TN are different in the four sites. In Site
8, the TOC content decreases rapidly in the upper
layer of 16 cm, then increases and is the highest at a
depth of 74 cm, and then decreases slowly under a
depth of 109 cm. In Sites 11 and 26, the TOC content
slowly increases in the upper layer of 16 cm and 74
cm respectively, and then decreases downwards. In
Site 17, the TOC content increases downwards. 
The TN in marine sediment is considered indica-
tive of the contribution of aquatic flora (González-
Vila et al., 2003). Where the TN content is higher,
the contribution of aquatic flora is thought to be
higher. The average TN content is different from
that of TOC, which is highest in Site 8, and lowest
in Site 17, and the TOC in Site 26 sediment is high-
er than in Site 11 (Table 2). The different TN content
suggests that the marine flora input in the four sites
decreases according to the order of Sites 8, 26, 11
and 17. The vertical distribution of TN is also dif-
ferent in the four sites, which shows the different
aquatic input in different geological periods to a cer-
tain extent. In Site 8, the distribution of TN content
is contrary to that of TOC in the upper layer of 40
cm, but similar to it going downwards. The TN con-
tent in Site 11 continuously decreases downwards.
In Site 17, the TN content also increases slowly
downwards, which is similar to that of TOC. In Site
26, the TN content increases rapidly in the upper 16
cm, then stays stable at a depth of 74 cm, and then
decreases downwards. 
The dissolvable organic matter (DOM) content is
highest in Site 8 and lowest in Site 26 (Table 2). The
DOM content in Site 11 is similar to that in Site 17.
In Site 8, the lipid content increases rapidly in the
upper 40 cm, then decreases, after that it continues
to increase slowly downwards. The distribution of
lipids is contrary to that of TOC in Site 11. In Site
17, the lipid content is higher in surface sediment,
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TABLE 1. – The water depth, temperature, salinity and turbidity of overlying water.
Site Longitude (°E) Latitude (°N) Water depth (m) Temperature (°C) Salinity Turbidity (FTU)
8 122.56 31.15 22.3 17.44 31.09 116.36
11 121.84 31.19 11.5 21.79 13.12 122.22
17 123 30.78 48.2 18.91 34.10 7.94
26 122.74 29.99 40 19.06 33.70 21.49
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and stays relatively invariable under the layer at 16
cm. In Site 26, the distribution of lipids is the oppo-
site to that of TN. Obviously, the DOM content is
higher in the surface sediment except in Site 8. The
different distribution of DOM suggests that the
DOM content is not simply dependent upon the
TOC or the TN content.
The atomic C/N ratios have been widely used to
distinguish the origin of organic matter (OM) in
estuaries based on the generalization that fresh
marine autogenic organic matter has atomic C/N
ratios between 4 and 10, whereas organic matter
from terrestrial vascular plants has C/N ratios of 20
and greater (Meyers, 1994; Verardo and McIntyre,
1994; Twichell et al., 2002). However, the selective
degradation or the different minerals in sediments
can affect the C/N ratios of organic matter
(Lehmann et al., 2002; Müller, 1977). The average
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FIG. 2. – The vertical distributions of TOC, TN, and lipid content as well as the atomic ratio C/N and δ13C (TOC: total organic carbon; TN: 
total nitrogen; DOM: dissolvable organic matter extracted relative to TOC; C/N: atomic carbon/nitrogen ratio).
TABLE 2. – The range and average of the bulk geochemical parameters.
Site TOC (%) TN (%) DOM (%) C/N δ13C (‰ PDB)
8 Range 0.40~0.95 0.060~0.10 0.29~1.2 4.92~11.3 -27.6~-26.0
Average 0.59 0.074 0.59 9.42 -27.0
11 Range 0.54~0.68 0.029~0.054 0.26~0.57 12.3~21.4 -27.8~-26.0
Average 0.58 0.046 0.44 15.6 -27.0
17 Range 0.39~0.69 0.025~0.054 0.30~0.92 14.8~20.7 -27.3~-26.1
Average 0.57 0.039 0.46 17.5 -26.7
26 Range 0.51~0.69 0.033~0.085 0.21~0.37 9.21~19.7 -27.1~-25.1
Average 0.60 0.060 0.31 12.7 -26.2
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C/N ratio is highest in Site 17 and lowest in Site 8;
the C/N ratio in Site 11 is higher than in Site 26. The
different C/N ratios in the four Sites show that there
is much more terrestrial input in Site 17, which is the
furthest away from the mouth of Changjiang
Estuary. The result suggests that there must be other
organic matter input in Site 17. Jin (1992) found that
the sediment in northern East China Sea mainly
comes from the mixture of recent and the residues
from the ancient Changjiang delta, so the higher
C/N ratio might be due to the residue sediment. The
vertical distributions of the C/N ratios in the four
sites have different characteristics. In Site 8, the C/N
ratio decreases in the upper layer of 16 cm, then
increases inside the layer of 74 cm, and then remains
relatively invariable. In Site 11, the C/N ratio
increases downwards. In Site 17, the C/N ratio
decreases in the upper layer of 16 cm, and then
increases rapidly to 40 cm, after that it decreases
slowly downwards. In Site 26, the C/N ratio is high-
er in the surface sediment, and then continues to
slowly increase. The different vertical distributions
of C/N ratios in the sediment from the four sites may
be due to the complex organic matter origins and
different circumstances. Obviously, the C/N ratios in
the surface sediment is higher except in Site 11,
which suggests that there is a high terrestrial vascu-
lar plant organic matter input in the three sites. The
lower C/N ratio in the surface sediment of Site 11
might be due to the selective degradation of nitrogen
for the active bacterial activity in the other three
sites and the particular turbidity conditions in Site
11 (Jin, 1992).
The δ13C value of organic matter has proven to
be an effective proxy indicator to trace biogeochem-
ical cycling in marine and lacustrine environments
(Ostrom et al., 1997; Hodell and Schelske, 1998),
though it  changes little during long sedimentary
processes (Lehmann et al., 2002). The δ13C value in
Site 8 is similar to that in Site 11, and both average
values are lowest in the four sites, and highest in Site
26 (Table 2). The different average contents of the
δ13C value of organic matter suggest that there is
much more terrestrial organic matter input in Site 8
and 11. Generally, the δ13C values of organic matter
appear negative in relation to the C/N ratios in the
same condition if the organic matter has not passed
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TABLE 3. – The correlation coefficient (γ) between C/N ratios 
and δ13C values of organic matter.
Site 8 11 17 26
γ -0.74 -0.74 -0.52 0.31
FIG. 3. – GC-MS mass chromatograms of m/z 85 of a representative aliphatic hydrocarbon fraction from Site 8 (14-22 cm) (a), Site 17 (sur
face sediment) (b), Site 11 (36-44 cm) (c) and Site 26 (surface sediment) (d).
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through complex degradation (Harada et al., 1995;
Freudenthal et al., 2001; Twichell et al., 2002). The
distributions of δ13C values appear negative in rela-
tion to C/N ratios in the four sites except in Site 26
(Fig. 2 and Table 3). In Site 26, the δ13C has the
same distribution as the C/N ratios in the upper layer
of 48 cm, then the opposite distribution appears in
the layer at 106 cm, and then the similar distribution
appears again. The quick decrease in the C/N ratio in
the upper layer of core 26 may be due to the selec-
tive degradation of nitrogen in rich autogenic organ-
ic matter. The different correlativity between δ13C
values and C/N ratios suggests that the organic mat-
ter in the four sites has different origins or undergoes
complex degradation processes. 
Biomarker distributions
n-Alkanes 
The aliphatic hydrocarbons in the sediments
from the four sites comprise a bimodal distribution
of n-alkanes ranging from C15 to C37, with the max-
ima at C18 or C19 and C29 or C31 except in the surface
sediment of Site 17 (Fig. 3). The clear odd/even car-
bon number predominance of longer chain n-alka-
nes (CPI2) indicates that the sample material did not
pass through extensive diagenesis except in the sur-
face sediment of Site 17 (Fig. 4 and Table 4). A
strong odd predominance in the n-C27 to C31 range
alkanes is usually related to the input of wax lipids
derived from higher plants, although long chain n-
alkanes may also originate from sea grasses and
diatoms (Volkman, 1986; Jaffé et al., 1995). Shorter
chain n-alkanes with maxima at C15, C17 and C21 are
derived from lipids synthesized by phytoplankton
and benthic algae (Cranwell et al., 1987; Canuel et
al., 1997). The shorter chain n-alkanes have no
odd/even carbon number predominance (CPI1) in
any of the samples of the four sites, which suggests
that fossil fuel inputs might be an important source
of these alkanes or the autogenic shorter chain n-
alkanes have passed through preferential degrada-
tion during early diagenesis (González-Vila et al.,
2003). Obviously, the CPI2 of n-alkanes in the sur-
face sediment of the four cores is usually the lowest,
and the CPI1 in surface sediments is also lower than
that in subsurface ones in the four sites (Fig. 4).
These results suggest that there might be much more
fossil fuel input to sediments carried by the Yangtze
River water or in aerosol forms from anthropogenic
pollution in recent years, or that the bacterial activi-
ties are more active in the surface sediment which
results in the extensive degradation of n-alkanes,
especially in Site 17. In addition, the especially low
CPI2 (0.85) of n-alkanes in the surface sediment of
Site 17 might also be due to fossil fuel pollution
(Medeiros and Bícego, 2004). In the four sites, the
CPI variation is extensive in the upper layer (Fig. 4),
which suggests the environment is changeful in the
shallow coast due to hydrodynamics, bioturbation
and the burrowing of benthos or the different fossil
fuel inputs in different periods (Lü and Song, 2004).
It is worth noting that the n-alkanes from C18 to C22
in the surface sediment of Site 17 exhibit a predom-
inance of even-carbon number predominance with
52 X. LÜ et al.
FIG. 4. – Downcore plots of n-alkanes (CPI2=CPI27-33, CPI1=CPI17-21, shorter chain/longer chain).
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CPI18-22 1.86. The even-carbon number predomi-
nance of short chain n-alkanes might suggest the
bacterial origin of the organic matter (Grimalt and
Albaigés, 1987).
The ΣC15-20/ΣC21-37 ratios (shorter chain/longer
chain) usually serve as a measure of the relative pro-
portions of autochthonous and allochthonous organ-
ic matter inputs. Higher values are thought to be pre-
dominant in marine sources, whereas lower values
are diagnostic of non-marine sources (Duan, 2000;
Muri et al., 2004). The average ΣC15-20/ΣC21-37 ratios
in the four sites are all higher in the upper layer (Fig.
4). The average ΣC15-20/ΣC21-37 ratios decrease
according to the order of Site 26, 8, 11 and 17, which
is consistent with the results obtained from the C/N
ratios. The different distributions of ΣC15-20/ΣC21-37
ratios in the four cores suggest that there are more
autogenic organic matter inputs in the surface sed-
iments of Site 26 and 8, and the terrestrial input is
the dominant source of organic matter in the deep
layer, and that the organic matter in Site 17 mainly
originates from the allochthonous input. The result
is consistent with the environment of each site. Site
11 is in the turbidity maximum and at the mouth of
the Changjiang Estuary, where water depth is shal-
low and salinity is low (Table 1); there is much
more terrestrial matter accumulated here (Chen et
al., 2001). Site 8 is on the boundary of the turbidi-
ty maximum, the turbidity of upper layer water is
lower and the salinity is much higher than in Site
11; therefore, marine organisms in this site grow
better than in Site 11. Site 26 is located on the east
of the Zhoushan Islands, where the turbidity of
overlying water is lower and the salinity is higher,
so the marine organisms grow well. Therefore,
there would be much more organic particles that
subside to the bottom. In Site 17, sediment mainly
comes from the residue matters from the ancient
Changjiang delta (Jin, 1992), and the ΣC15-20/ΣC21-37
ratios show the characteristics of terrestrial plants.
In addition, due to active bacterial activities and the
relative oxidative condition in the upper layer, the
marine autogenic matter degrades more quickly, so
the ΣC15-20/ΣC21-37 ratios increase downwards, which
is consistent with the vertical distributions of TOC
and TN in this site.
Isoprenoid hydrocarbons
Pristane and phytane are thought to mainl origi-
nate from the geologic alteration of the phytol side
chain of chlorophyll although chromans and/or
tocopherols have been suggested to be additional
potential sources (Haven ten et al., 1987; Peters and
Moldowan, 1993; Li et al., 1995). The pristane/phy-
tane (Pr/Ph) ratio is generally thought to be an indi-
cator of depositional conditions and the relative
degree of alteration or degradation of organic matter
as well as the pristane/C17 and phytane/C18 ratios for
ancient sediment (Didyk et al., 1978; Harada et al.,
1995). In recent sediment, the Pr/Ph ratio is usually
used to identify the organic matter sources
(Medeiros et al., 2005). In uncontaminated sedi-
ments, the Pr/Ph ratio is higher than 1 and typically
between 3 and 5 (Steinhauer and Boehm, 1992). In
the four sites, the Pr/Ph ratios are all below one
though the vertical distributions are different (Fig.
5), which suggests a source of main petroleum prod-
ucts (Medeiros et al., 2005). The Pr/Ph ratio varia-
tion in the depth might also depend on the different
anoxic conditions besides the source difference
(Volkman and Maxwell, 1986). The Pr/C17 and the
Ph/C18 ratios are in the range of 0.25 to 1.00 and
0.64 to 1.18 respectively. These results may reflect
the microbial activity in the four cores, which is par-
ticularly strong in some layers, independently of the
prevalent source of the organic matter and the oxy-
genic factors (González-Vila et al., 2003).
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TABLE 4. – Analytical data of n-alkanes and isoprenoid hydrocarbons.
Site 8 11 17 26
CPI25-33 Range 3.31-5.26 2.54-4.77 0.85-4.18 2.75-4.32
Average 4.34 3.66 3.21 3.58
CPI15-21 Range 0.93-1.20 0.85-1.00 0.65-1.32 0.99-1.16
Average 1.06 0.92 1.03 1.08
ΣC15-20/ΣC21-37 Range 0.23-1.36 0.25-0.75 0.18-0.87 0.10-2.08
Average 0.64 0.46 0.39 0.67
Pr/Ph Range 0.07-0.67 0.07-0.16 0.05-0.51 0.06-0.11
Average 0.27 0.11 0.24 0.08
Pr/C17 Range 0.38-0.62 0.70-0.80 0.44-1.00 0.25-0.70
Average 0.54 0.75 0.63 0.51
Ph/C18 Range 0.82-1.00 0.92-1.08 0.64-1.02 0.75-1.18
Average 0.90 1.00 0.83 0.89
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Hopanoid hydrocarbons and steranes
Hopanes are the most significant class of satu-
rated hydrocarbons in the Changjiang Estuary sedi-
ment, followed by steranes. Diasteranes and preg-
nanes are present only in small amounts (Fig. 6 and
Table 5). The petroleum biomarkers mainly come
from the terrestrial input carried by the Changjiang
water. Many biomarkers are subsided at the mouth
54 X. LÜ et al.
FIG. 5. – Downcore plots of isoprenoid hydrocarbons (Pr/Ph, Pr/C17, Ph/C18).
TABLE 5. – Compounds identified in the m/z 191 mass chromato-
gram of the aliphatic hydrocarbon fraction of the surface sediment 
(8-1) from Site 8.
Symbol Component
A 18α-22,29,30-trinorneohopane
B 17α-22,29,30-trinorhopane 
C 22,29,30-trinor-hop-5(6)-ene
D 17β-22,29,30-trinorhopane
E 17α,21b-30-norhopane
F 30-norneo-hopane
G Hop-2(3)-ene
H 17β,21α-30-norhopane
I 17α,21β-hopane
J 17β,21α-hopane
KS/R 17α,21β-homohopane (22S and 22R)
L 17β,21β-hopane
MS/R 17α,21β-bishomohopane (22S and 22R)
NS/R 17α,21β-trishomohopane (22S and 22R)
OS/R 17α,21β-tetrakishomohopane (22S and 22R)
PS/R 17α,21β-pentakishomohopane (22S and 22R)
a Lupane
b Oleanane
c Gammacerane
1 5β-pregnane
2 5α-pregnane
3 5β-homopregnane
4 5α-homopregnane
5 5α-bishomopregnane
6 5α,14α,17α-(20S)-cholestane
7 5α,14β,17β-(20R)-cholestane
8 5α,14β,17β-(20S)-cholestane
9 5α,14α,17α-(20R)-cholestane
10 5α,14α,17α-(20S)-24-methyl cholestane
11 5α,14β,17β-(20R)- 24-methyl cholestane
12 5α,14β,17β-(20S)- 24-methyl cholestane
13 5α,14α,17α-(20R)- 24-methyl cholestane
14 5α,14α,17α-(20S)-24-ethyl cholestane
15 5α,14β,17β-(20R)- 24-ethyl cholestane
16 5α,14β,17β-(20S)- 24-ethyl cholestane
17 5α,14α,17α-(20R)- 24-ethyl cholestane
FIG. 6. – GC/MS mass chromatograms of (a) m/z 191 (polycyclic
terpanes) and (b) m/z 217 (steranes) of a representative aliphatic
hydrocarbon fraction (Site 8, 0-2 cm). Peak assignments correspond 
to compound names in Table 5.
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of the Estuary and only a few are transported to the
southeast and the east by the water current (Lü and
Zhai, 2005). The occurrence of hopanes and the
17β-22,29,30-trinorhopane, both of which indicate
an early diagenetic stage, simultaneously with 17β-
hopanes and steranes in their stable steric configu-
rations in the four cores in the Changjiang Estuary,
reflects a mixture of immature and mature organic
matter. 
A comparison of the hopanes and steranes param-
eters reveals several significant differences in the
four sites (Table 6). The ratios of Tm/Ts, 17β-
22,29,30-trinorhopane /Ts (17β(H)/Ts) and 22,29,30-
trinor-hop-5(6)-ene/Ts (C27-hopene/Ts) are usually
thought to be thermal degradation parameters of
organic matter (Seifert and Moldowan, 1980).
However, they can be used to represent the bacterial
alteration to hydrocarbons and the anoxic condition
in recent sediment (Duan et al., 1996). In the four
sites of the Changjiang Estuary, the ratios of Tm/Ts
are similar, while those of 17β(H)/Ts and C27-
hopene/Ts are different (Table 6). The average ratios
of 17β(H)/Ts and C27-hopene/Ts are much higher in
Sites 17 and 26, while they are lower in Sites 8 and
11, especially in Site 11. This result suggests that the
sediment from Sites 17 and 26 is in relatively
stronger anoxic conditions than the sediment from
Sites 11 and 8, and that the bacterial activity is much
stronger in Site 11 in spite of the source difference.
However, all the sediments from the same core are
not in the same conditions (Fig. 7). Obviously, the
sediments from Sites 17 and 26 are in strong anoxic
conditions from the depth of 40 cm to 106 cm, and
sediments from Site 8 are in strong anoxic conditions
from the depth of 72 cm to 140 cm. The result sug-
gests that the particularly high ratios of 17β(H)/Ts
and C27-hopene/Ts may be due to the rich input of
bacteria and plankton (Duan et al., 1996). 
The epimer ratios of the 22S to 22S plus 22R
17α,21β-homohopanes (C31αβ-hopane 22S/22
(S+R)) are maturity parameters as well as the
ratios of 20S to 20S plus 20R 24-ethyl-
5α,14α,17α-cholestanes (C29ααα-sterane 20S/20
(S+R)). The ratios of 5α,14β,17β/(5α,14β,17β +
5α,14α,17α) 24-ethylcholestanes (C29-sterane
αββ/(αββ+ααα) ) represent the isomer parameter
which is sensitive to bacteria and microbes in
immature samples (Mackenzie et al., 1980; Seifert
and Moldowan, 1980). The three parameters can
also be used to represent the degree of bacterial
degradation in recent sediment with little thermal
action. In the four cores, the distributions of the
average values of the three parameters are similar,
and the values lower than their equilibrium ones
are typical of oils from the Monterey Formation
(Rullkötter et al., 2000), which shows the imma-
ture characteristics of organic matter subjected to
bacterial degradation in recent sediment.
However, the results obtained from the vertical
distributions of the three parameters have few dif-
ferences (Fig. 7). The result from C31αβ-hopane
22S/22(S+R) is consistent with that from the ratios
of Ts/Tm, 17β(H)/Ts and C27-hopene/Ts, which is
a little different from that obtained from the ratios
C29ααα-sterane 20S/20(S+R) and C29-sterane
αββ/(αββ+ααα), especially in Site 8. The ratios
of C29ααα-sterane 20S/20(S+R) remain invariable
downwards in core 26, and slowly decrease down-
wards in core 8 except at the depth of 140 cm,
which shows that the epimerous processes of ster-
anes are different from those of hopanes. The
ratios of C29-sterane αββ/(αββ+ααα) obviously
decrease downwards in core 8, which shows that
the steranes evolve from unstable steric configura-
tions to stable ones in the early diagenetic process-
es in the deep marine sediment. 
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TABLE 6. – Ranges and average values of hopane and sterane parameters in the four cores of the Changjiang Estuary.
Biomarker parameters 8 11 17 26
Range Average Range Average Range Average Range Average
Hopanes Tm/Ts 1.05-1.38 1.20 1.27-1.61 1.42 0.71-1.36 1.15 1.07-1.45 1.25
17β(H)/Ts 0.50-3.63 1.72 0.94-3.26 1.72 0.89-5.86 3.85 1.00-4.73 3.17
C27hopene/Ts 0.13-10.69 3.78 0.28-1.11 0.67 4.39-8.29 6.58 1.20-12.20 6.67
C31αβ-hopane
22S/22(S+R) 0.28-0.58 0.47 0.32-0.53 0.45 0.18-0.56 0.34 0.20-0.53 0.33
Steranes C29ααα-sterane
20S/20(S+R) 0.38-0.64 0.47 0.24-0.38 0.34 0.28-0.49 0.40 0.36-0.42 0.39
C29-sterane
αββ/(αββ+ααα) 0.28-0.41 0.36 0.30-0.37 0.34 0.31-0.38 0.33 0.30-0.46 0.35
C27/C29 0.36-1.26 0.69 0.81-1.31 1.11 0.56-1.26 0.87 0.60-0.91 0.77
C27/C29=C27-sterane (αββ+ααα)/C29-sterane (αββ+ααα)
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Steranes in sediment mainly come from the
sterols in organisms. Generally, C27 steranes are
indicative of a zooplankton and algae source
(Gagosian et al., 1983; Volkman, 1986). C29 steranes
are thought to originate from higher plants and dia-
tioms (Volkman, 1986; Rieley et al., 1991; Volkman
et al., 1999). The ratios of C27/C29 steranes can be
used to estimate the origins or the degradation level
of organic matter (Nichols et al., 1990). In the four
cores, the average ratios of C27/C29 steranes are high-
56 X. LÜ et al.
FIG. 7. – The vertical distributions of hopane and sterane parameters in the four cores of the Changjiang Estuary.
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est in core 11, and lowest in core 8, which suggests
that the bacterial activity is active to improve the
reduction of sterols in Site 11 based on the fact that
there is much more terrestrial input. The vertical dis-
tributions of C27/C29 steranes are similar to those of
17β(H)/Ts except in core 11, which indicates that
the C27 sterols are easily deoxidized to C27 steranes
in the relative anoxic conditions without considering
the source difference. Obviously, the C27/C29 ster-
anes are lower in the surface sediment, which may
also be because steranes are the hydrogenation prod-
ucts of sterols, and do not originate directly from
organisms. The difference between the distributions
of shorter chain/longer chain n-alkanes ratios and
the C27/C29 steranes ratios may also be ascribed to
this reason. 
CONCLUSION 
The bulk and molecular organic geochemical
study of marine sediments from four cores of the
Changjiang Estuary shows that the organic matter
consists in different mixtures from autogenic and
terrestrial sources, and the four cores are all in anox-
ic condition. In core 8 and 26, the organic matter
originates from the autogenic and allochthonous
input, which has almost the same contribution to the
organic matter source. In Site 11, there are many ter-
restrial plants subsided here carried by the
Changjiang water. In Site 17, the organic matter
mainly originates from the ancient Changjiang delta
residue matter. 
The distributions of molecular compounds
show that the organic matter is in mixtures of
immature and mature matter in the samples of the
four cores, which also indicates that the microbial
activity is active in anoxic conditions, especially
in the surface sediment. The vertical distributions
of molecular compounds also show that the auto-
genic marine organic matter is more easily degrad-
ed and molecular compounds evolve from unsta-
ble steric configurations to stable ones in the early
diagenetic processes. The difference between the
vertical distributions of different molecular bio-
marker ratios may be due to 1) the different cir-
cumstances at different depths; 2) the complex
degradation processes of different molecular bio-
markers; 3) their different sensitivities to the cir-
cumstances; 4) and the particular organic matter
input of bacteria and plankton in different geolog-
ical periods.
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